A total of 2,886 bats captured in the Amazon Basin of Brazil were processed for the isolation of fungi. From the livers, spleens, and lungs of 155 bats (5.4%), 186 fungal isolates of the genera Candida (123 isolates), Trichosporon (26 isolates), Torulopsis (25 isolates), Kluyveromyces (11 isolates), and Geotrichum (1 isolate) were recovered. Seven known pathogenic species were present: Candida parapsilosis, C. guilliermondii, C. albicans, C. stellatoidea, C. pseudotropicalis, Trichosporon beigelii, and Torulopsis glabrata. Twenty-three culture-positive bats showed identical fungal colonization in multiple organs or mixed colonization in a single organ. The fungal isolation rates for individual bat species varied from 1 fungus per 87 bats to 3 fungi per 13 bats, and the mycoflora diversity for members of an individual fungus-bearing bat species varied from 16 fungi per 40 bats to 7 fungi per 6 bats. Of the 38 fungal species isolated, 36 had not been previously described as in vivo bat isolates. Of the 27 culture-positive bat species, 21 had not been previously described as mammalian hosts for medically or nonmedically important fungi.
The association between bats and pathogenic fungi was first reported by Emmons (7) after he isolated Histoplasma capsulatum from soil contaminated by bat guano in Maryland. Over the next 2 decades, approximately 30 chiropteran species were identified as hosts for pathogenic fungi (1, 2, 6, 26, 27) . Histoplasma capsulatum has been the fungus most frequently isolated from bats. Other fungi recovered are as follows: Paracoccidioides brasiliensis (12), Cryptococcus neoformans (11), Cryptococcus diffluens, Cryptococcus albidus, Cryptococcus laurentii, Candida parapsilosis, Torulopsis glabrata (6), and Wangiella dermatitidis (26) from the internal organs of bats; Sporothrix schenckii from the feces, and Trichophyton mentagrophytes and Microsporum canis from the fur (10) . Natural susceptibility of bats to fungal infection has been further demonstrated in experimental histoplasmosis (5, 21, 22, 34) , coccidioidomycosis (17) , and paracoccidioidomycosis (9) . The role of bats as a natural habitat and a potential source of dissemination for Histoplasma capsulatum has been established (5, 16, 29) .
Our study on the bat-fungus relationship in the Amazon Basin was initiated in 1978. The recovery of Wangiella dermatitidis from bats in Manaus, Brazil (26) , underlined the peculiarity of the mycotic flora within the Amazonian biota. During the next 2 years, extensive basin-wide bat captures, which furnished specimens for various collateral studies of fungi, rabies infection, insect ectoparasites, and bat ecology, were made. As part of our survey on environmental mycoflora and to detect a possible relationship between soil and bat fungi, we attempted to isolate keratinophilic and non-keratinophilic fungi from soil samples collected in the same study areas. We recovered a large variety of yeasts and yeastlike fungi with and without pathogenic potential from many species of neotropical bats.
MATERIALS AND METHODS
From November 1978 to August 1980, bats were collected during the dry and rainy seasons in 12 areas in the Brazilian Amazon Basin separated by large distances (see Fig. 1 ). Detailed descriptions of nine of the study areas and the vegetative characteristics of the bat capture sites have been presented previously (23, 24) . The other three areas, Tucurui, Rio Branco, and Porto Velho, are located on the whitewater Tocantins, Acre, and Madeira Rivers, respectively. The Tocantins and Acre Rivers were visited once, and the Madeira River was visited twice. Bats were captured during free flight and in roosts. Attempts were made to obtain representative samples of the bat populations in different types of habitats.
Bats were captured in mist nets and identified, and necropsies were performed. Portions of livers, spleens, and lungs were inoculated onto Mycosel agar (BBL Microbiology Systems). The cultures were kept at 25°C for 6 weeks. All possible fungal isolates were transferred onto Sabouraud dextrose agar and identified accordingly (13, 18, 19, 30, 32) . Additional liver, spleen, and lung portions were fixed in 10% buffered Formalin. All culture-positive tissues and 10o of the culture-negative tissues, selected at random, were processed for histological study and stained by the Grocott-Gomori methenamine silver method. The fungal isolates and their origins are listed in Table 1 . Five genera were present: Candida, 123 isolates; Trichosporon, 26 isolates; Torulopsis, 25 isolates; Kluyveromyces, 11 isolates, and Geotrichum, 1 isolate. Thirty-eight fungal species were recognized: 19 species were identified among 141 isolates; another 19 species among 45 isolates remained unclassified. This low identification rate was mainly due to difliculty in isolating pure colonies from mixed cultures, notably Candida-Kluyveromyces cultures or TorulopsisCandida cultures. Seven species are reported to be human pathogens: Candida parapsilosis, Candida guilliermondii, Candida albicans, Candida stellatoidea, Candida pseudotropicalis, Trichosporin beigelii, and Torulopsis glabrata. Candida parapsilosis and Candida guilliermondii were the fungi most frequently isolated in this study. Fungal isolates were recovered with comparable frequencies from liver, spleen, and lung specimens.
Identical fungal colonization in multiple organs was seen in eight culture-positive bats. In these animals, identical fungi were recovered from two or more internal organs (Table 2 ). In two other bats, different fungi were isolated from different organs. Candida parapsilosis and Candida sp. were respectively recovered from the lung and liver specimens of one Uroderma bilobatum; Candida guilliermondii and Candida of bats with other pathogenic fungi has been infrequent (10, 12, 26) , and infection of bats with yeasts are rare. In Colombia, Grose and Marinkelle (10) isolated Cryptococcus neoformans from the livers and small intestines of three Carollia perspicillata specimens and the spleens and large intestines of two Pteronotus psilotis specimens. DiSalvo and collaborators (6) Among the 71 bat species sampled in this study, 12 are known to be susceptible to fungal infections, and of these 12, only six, Glossophaga soricina, Sturnira lilium, Artibeus jamaicensis, Carollia perspicillata, Desmodus rotundus, and Phyllostomus hastatus, were found to harbor yeasts and yeastlike fungi. Of the 27 culture-positive bat species, 21 were observed for the first time to be mammalian hosts for medically and nonmedically important fungi. The natural susceptibility of bats to yeast colonization was not species specific, nor was it related to dietary habits. These observations are consistent with those reported by Tesh et al. (33) for bats harboring Histoptasma capsulatum.
Our isolation of fungi from bats without any clinical or histological pathology suggests a commensal bat-fungus relationship. The lack of preferential fungal colonization in any of the bat internal organs demonstrated a generalized overall predisposition of bat tissues to be suitable substrates for fungi. Alternatively, at the cellular level, the fungi might survive within macrophages and resist phagocytosis, a situation similar to that demonstrated in vitro by Candida albicans, Candida sp., Coccidioides immitis, and Histoplasma capsulatum within the peritoneal or alveolar macrophages of normal experimental animals (3, 25, 28, 31) . The capacity of some chiropteran species for nonselective carriage of fungi was indicated by the diversified mycofloras among our culture-positive bats. The simultaneous presence of the same fungus in different organs and the presence of several fungal species in a single organ further illustrate the epidemiological potential of bats to be a natural habitat for and a nonhuman focus of yeasts and yeastlike fungi.
Previous studies revealed that the rates for the recovery of fungi from bats vary from 0.9 to 76%, depending upon the bat species sampled and the collection sites (8, (14) (15) (16) (18, 20) . The remaining four identified species, Trichosporon pullulans, Torulopsis colliculosa, Torulopsis dattila, and Torulopsis VOL. 44, 1982 on August 27, 2017 by guest http://aem.asm.org/ aeria, had never been isolated from any animal.
In an earlier report (23), Mok speculated on the influence of undetermined intrinsic ecological and microbiological factors within the Amazonian biota on the distribution of Wangiella dermatitidis. Mok also noted the presence of fungus-yielding soil and bats in the proximity of deforested and disturbed areas associated with human colonization or activities. In the present study, except for the Geotrichum isolate, which was the only mycelial hyphomycete, the exclusive presence of yeasts and yeastlike fungi among the bat isolates attests once more to the peculiarity of the Amazonian biota, since similar studies in other tropical areas like the Isthmus of Panama, El Salvador, and Ecuador had yielded only Histoplasma capsulatum (4, 14, 16, 27) . The frequent presence of yeasts in Amazonian bats must be closely related to the intricate interactions between the regional flora and the regional fauna. Our results also showed a preferential distribution of the fungus-bearing bats in localities with human modifications. Possibly, the ecosystem disequilibrium resulting from human physical changes of the natural environment accounts for the adaptation of chiropteran species to being an alternative habitat for some yeasts. However, such a possibility can only be proven through longitudinal studies accompanying the deforestation clearing process. We thank Don E. Wilson, National Museum of Natural History, Washington, D.C., and Timothy K. George for identification and confirmation of some of the bats.
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